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• A comprehensive review of the literature identified thirteen new relevant 
studies published since the MCCIP 2013 report on ‘what is already 
happening’, of which all but one were conducted in UK waters. A 
further four studies have been published since 2013 on ‘what is likely to 
happen in the future’. 
• North Sea infaunal (burrowing) species have shifted their distributions in 
response to changing sea temperature, however, most species have not 
been able to keep pace with shifting temperature, meaning that species are 
subjected to warmer conditions. Leading (expanding) edges  are 
responding more quickly than trailing (retreating) edges, which has been 
observed elsewhere in the world. 
• Analysis of a 40-year data–series found that small, generally shorter-
lived, infauna experienced some changes in community structure related 
to changes in Sea-Surface Temperature (SST), but this affect was 
dampened because increased food availability meant that temperature-
induced rises in energy use were counteracted. This was not the case for 
large-bodied species that experienced increased competition leading to 
altered community structures. This highlights that changes in non-climate 
drivers may interact with climate change to mediate species – community 
level responses and that responses may depend on species life-history 
traits. 
• A number of UK kelp species have experienced changes in abundance 
linked to altered SST. In particular the warm-water species, Laminaria 
ochroleuca, has increased in abundance and expanded its distribution into 
more wave-exposed conditions. While superficially similar, there are 
differences between warm-water and cold-water species in terms of life 
history characteristics (e.g. cold-water species such as L. hyperborea and 
L. digitata are perennial, whereas the warm-water species Saccorhiza 
polyschides is a pseudo-annual), and habitat provision (e.g. L. hyperborea 
supports diverse epiphyte assemblages whereas L. ochroleuca does not). 
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Therefore, changes in the relative abundance of warm- and cold-water 
kelp species are likely to alter the structure, functioning, and ecosystem 
services provided by kelp forests, as these species continue to alter their 
biogeographic distributions in response to climate change. 
• A number of studies have used modelling approaches to predict changes 
in the distribution and/or abundance of kelp and cold-water corals at the 
UK scale, and benthic infauna and epifauna within the North Sea. All 
suggest significant shifts in species ranges into the future leading to 
altered community structures. This is likely to have implications for food-
web dynamics, fisheries, carbon cycling and ultimately human society. 
• Collectively this review has highlighted new evidence for changes in 
species abundance and distribution in response to climate change, which 
in some instances has altered community structure and potentially 
ecosystem functioning. Of concern is that studies are limited to a small 




The current review provides a comprehensive overview of the evidence for 
climate-change impacts on biological systems that have occurred since the 
last shallow and shelf seas MCCIP Annual Report Card released in 2013, by 
focusing on invertebrates and macroalgae from both hard and soft substrates. 
A brief overview of past evidence is provided in places for context. The 
review excludes fish, plankton and invasive species which are included in 
separate report cards. Seagrass is also not included as it is covered by the 
accompanying intertidal habitats MCCIP report (Mieszkowska et al., 2020). 
 
Climate change is leading to increases in ocean temperature, changes to ocean 
chemistry, sea-level rise, changing salinities and oceanographic patterns and 
increased extreme events including storminess and marine heatwaves 
(Stocker, 2013). The main focus of this report is the observed responses of 
biota to changes in ocean temperature, as this is the primary climate driver 
for which time–series observations exist. There is a large body of 
experimental evidence for the impacts of ocean acidification, which has 
mostly focused on single species experiments over short timescales. These 
studies have demonstrated positive, negative and neutral effects of ocean 
acidification on species physiology, demography and ecology (see reviews 
Harvey et al. 2013; Kroeker et al. 2013 for details). While negative impacts 
on individual species and communities cannot be ruled out, to date there has 
been no observed impact of altered ocean chemistry in UK waters. Stochastic 
events are increasingly being seen as key drivers of species-range shifts and 
community re-organisation. Evidence is provided below on the biological 
impacts of extreme storm events. While these storms cannot be attributed (nor 
ruled out) to anthropogenic climate change they provide insight into the likely 
impacts of such increased storminess. Marine heatwaves (MHWs) have also 
recently been shown to be a key driver of species range shifts (Wernberg et 
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al., 2016; Oliver et al., 2018), with recent analyses demonstrating that MHWs 
have increased in frequency and duration over the last 100 years linked with 
increases in Sea-Surface Temperature (SST) (Oliver et al., 2018). Further, 
MHWs are predicted to increase in frequency, spatial extent and duration into 
the future (Frölicher et al., 2018). While there is currently no published 
evidence of the impacts of MHWs in shallow and shelf seas in UK waters, 
this is likely to change into the future.  
 
The annual report focuses on climate mediated biological responses to climate 
change, however, it is important to note that a range of anthropogenic and 
non-anthropogenic drivers interact with climate change affecting biological 
systems. While increasingly sophisticated analyses are enabling these 
different stressors to be disentangled it is not always possible to do so, 
particularly with observational field data such as that presented in this review.         
 
There are subheadings for specific regions and where regional subheadings 
are missing this means that evidence does not exist for that region.  
 
 
2. WHAT IS ALREADY HAPPENING 
 
2.1 Soft-sediment  
 
North Sea 
There is a long history of marine research in the North Sea with large-scale 
investigations showing the structure and distribution of North Sea 
macrofauna is influenced by temperature, differing water masses, sediment 
type and food supply (Reiss et al. 2010; Kroencke et al. 2011). There are 
numerous North Sea time–series studies, some going back many decades, 
which have provided and continue to provide evidence for the impacts of 
climate change on soft-sediment communities. For example, the ‘Dove Time 
Series’ located off the north-east coast of England provides the UK’s longest-
existing soft benthic time–series record with biannual (spring and autumn) 
surveys conducted for the last 40 years. This time–series has played an 
important role in identifying phase shifts and changes in community structure 
related to extrinsic drivers. For example, changes in population and 
community structure have been linked to year-to-year variation in SST and/or 
changes in pelagic primary production (Buchanan et al., 1978; Buchanan and 
Moore, 1986; Buchanan, 1993; Frid et al., 1996). The time–series records 
show that the North Sea has become warmer and more productive over time, 
which has coincided with a dampening of observed fluctuations in 
assemblage structure (Frid et al., 2009). Studies conducted in north-east 
England, but not as part of the Dove Time Series, have also demonstrated the 
importance of temperature in structuring benthic communities with warmer 
temperatures, associated with a positive North Atlantic Oscillation Index 
(calculated as the difference in surface sea-level pressure between the 
Subtropical (Azores) High and Subpolar Low) in the preceding year, resulting 
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in reduced densities and diversity of species (Rees et al., 2006). Since the last 
MCCIP report card a number of studies have analysed/reanalysed time–series 
data to understand changes in distribution, abundance and community 
structure in relation to increased temperature.  
 
Hiddink et al. (2015) examined geographical and bathymetric shifts of 65 
benthic infaunal invertebrates in the North Sea comparing distributions in 
1986 with those of 2000. They went on to determine whether these species 
were tracking their thermal niche by examining whether these species were 
tracking the direction and speed of shifts in temperature isotherms (Velocity 
of Climate Change, VoCC) using minimum, maximum and mean SST and 
Sea Bottom Temperature (SBT). They found temperatures had increased 
throughout the North Sea coinciding with a north-westerly shift (range-
centre, leading and trailing edge) and deepening of many species ranges, 
mirroring results observed for fish in the North Sea (Perry et al., 2005; Dulvy 
et al., 2008). In particular, leading edges expanded faster than trailing edges 
(Hiddink et al., 2015), which has also been noted in global-scale analyses 
(Poloczanska et al., 2013). Distributional shifts (centroid 3.8-7.3 km per year 
interquartile range) lagged behind shifts in SBT and SST (8.1 km per year) 
suggesting species were not able to track climate warming and were therefore 
experiencing warmer temperatures (Hiddink et al., 2015), which in the long 
term could affect performance (e.g. growth, reproduction, survival). Mean 
SST VoCC accurately predicted the direction and magnitude of distributional 
centroid shifts, while maximum SST VoCC was a good predictor of the same 
for trailing edges, suggesting that these metrics could be used to predict future 
distributional shifts. SBT was not a good predictor for range shifts, and no 
good predictor was found for leading edge expansion (Hiddink et al., 2015). 
While the authors do not speculate why SBT is not a good predictor of species 
range shifts, other studies have suggested that changes in productivity 
(potentially mediated by warmer SST) and hence food supply can be an 
important driver of community structure, dampening the effects of warming 
(Clare et al., 2017; see below). This may explain why SBT is a poor predicator 
and why species are not keeping pace with VoCC. 
 
While Hiddink et al. (2015) were looking at range shifts within the North Sea, 
Neumann et al. (2013) highlighted the range expansion of the angular crab, 
Goneplax rhomboids, from North-east Atlantic coasts into the Moray Firth 
(2000) and southern North Sea (Oyster Ground, 2003) driven by increased 
SBT and favourable prevailing hydrodynamic conditions. This perhaps 
counter intuitive eastwards and southern shift in species ranges into the North 
Sea has also been observed in intertidal species (Mieszkowska et al., 2006) 
with the explanation that these shifts are likely a response to the cooler North 
Sea becoming warmer and more habitable for species that have historically 
been limited to the warmer North-East Atlantic (Mieszkowska et al., 2006).  
 
Species range shifts in response to climate change and there idiosyncratic 
nature is likely to  lead to altered patterns of community structure. Clare et al. 
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(2017) analysed data from station M1 of the Dove Time Series (1972–2012) 
to investigate the influence of changes in SST and primary productivity (a 
proxy for food availability) on benthic community structure. In general, large, 
long-lived fauna experienced changes in relative abundance concordant with 
changes in food availability. The authors suggest that increased detrital 
production allowed species that were food limited to increase in abundance 
and out compete species that had lower energy requirements leading to the 
observed changes (Clare et al., 2017). They also found that small, generally 
shorter-lived fauna, experienced some changes in community structure 
related to changes in SST, but this effect was dampened as food availability 
increased (Clare et al., 2017). The authors suggest that increased food 
availability nullified the effect of increased temperatures because there was 
sufficient food to meet the increased metabolic demands associated with 
increased temperatures. Pelagic primary production is under climatic 
influence (Behrenfeld et al., 2006; Boyce et al., 2010; Blanchard et al., 2012), 
with some studies, at a global scale, suggesting increased SST will lead to 
reduced primary productivity (Behrenfeld et al., 2006). At a regional scale 
the patterns are more complex, but for much of the British Isles, with the 
exception of the west coasts of Ireland and Scotland, a negative relationship 
between increasing SST and primary productivity has been observed 
(Dunstan et al., 2018). Such a reduction in primary productivity with 
increased SST is therefore likely to lead to food shortages for smaller bodied 
infauna and increased community fluctuations. This study highlights that 
understanding the mechanisms leading to change can provide important 
predictive insights as well as demonstrating that other drivers of distribution 
and abundance can mask the impacts of increased ocean temperature.    
 
Western English Channel 
The western English Channel forms part of the boundary between cool boreal 
and warmer Lusitanian waters and has served as an important area to monitor 
the impacts of environmental change on marine organisms (see Southward et 
al,. 2005 for a review). There have, however, been few studies on the effects 
of climate change on subtidal benthic soft-sediment communities. One such 
study compared benthic communities sampled in 1958/59 with those sampled 
in 2006 and found no broadscale temporal differences related to warming, 
although four warm-water affinity species were detected in the later survey, 
but not in the earlier one (Hinz et al., 2011). The authors suggest this could 
have been in response to climate warming (Hinz et al., 2011). 
    
More recently, Navarro-Barranco et al. (2017) investigated changes in 
amphipod assemblages between 2008–2014 at station L4, which forms part 
of the Western Channel Observatory 
(https://www.westernchannelobservatory.org.uk) and is one of the most well-
studied marine areas in Europe. Amphipod abundance, richness and 
community structure were influenced by seasonal and year-to-year 
variability, however, increased SBT resulted in a significant increase in 
amphipod abundance and richness with this environmental driver accounting 
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for 57% and 23% of the variability in abundance and richness, respectfully 
(Navarro-Barranco et al., 2017). The other environmental drivers examined 
(phytoplankton biomass and chlorophyll a concentration) had no significant 
influence on amphipod numbers, even though these drivers have been shown 
to  be important in other coastal areas (Zhang et al., 2015), suggesting food 
limitation is not driving amphipod dynamics in this system (Navarro-
Barranco et al., 2017). The authors highlight the potential for amphipods to 
be included as climate indicator species. 
 
 
2.2 Hard-substrate  
 
Canopy-forming algae  
 
Although there are no regional or UK monitoring programmes of subtidal 
hard-substrate habitats there has been a considerable increase in the number 
of studies exploring the impacts of climate change on subtidal kelps and kelp 
forests since the last MCCIP review in 2013. These studies have included 
collation and analysis of existing data as well as the collection of new 
contemporary data. Much of this work has been regionally focused, 
particularly in south-west England, but some UK wide studies have also been 
conducted. Previous MCCIP Report Cards have noted a decrease in the 
abundance of Alaria esculenta around south-west England, near its southern 
range limit (Vance, 2004). Anecdotal observations of an increase in 
Saccorhiza polyschides intertidally (but see quantitative analysis below) have 
also been noted (Birchenough et al., 2013). 
 
UK overview 
Yesson et al. (2015) collated and analysed data on changes in large UK brown 
algal abundance based on national and regional surveys, museum databases 
and literature searches that spanned the period 1974–2010. While the number 
of sites sampled and observations varied between species, some general 
trends were observed. At the UK scale, Chorda filum, Laminaria ochroleuca, 
Saccharina latissima all reduced in abundance, however, for the warm-water 
species, L. ochroleuca, this was not related to changes in temperature. Four 
kelp species showed significant relationships between abundance patterns 
and SST with C. filum abundance positively correlated with winter SST 
whereas L. digitata, L. hyperborea and S. latissima abundance was negatively 
correlated with winter SST. Interestingly for the cold-water species, L. 
digitata and L. hyperborea, abundance was positively correlated with summer 
SST. Abundance also varied across regions with a general pattern of relative 
stability or increased abundance through time in northern regions (Scotland, 
northern England) and a reduction in abundance in southern regions (south-
west England; see regional sections, below). While this data provides a 
comprehensive review of regional changes in macroalgal abundance not all 
changes were related to SST and it should be noted that 74% of site level 
studies were based on just two time points with only 3% of sites having four 
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temporal observations for any species and therefore the data are better 
interpreted at a UK rather than regional scale. Moreover, many of the recent 
observations were based on intertidal data. Kelp species are considered 
subtidal, with a limited number of species exposed to air on low spring tides. 
Subtle changes in atmospheric pressure influence tidal ranges and therefore 
apparent changes in abundance could be a function of different tidal heights 
between sampling periods. Results for kelp species from this study should 
therefore be interpreted with some caution.  
 
English Channel, Western English Channel and Celtic Sea 
The warm-water species, L. ochrolueca, reaches its northern range limit in 
the Western English Channel Channel and Celtic Seas, while the cold-water 
species, A. esculenta, reaches its southern range limit in the same region with 
both species proposed as good indicators for climate-driven changes in 
abundance and distribution (Mieszkowska et al., 2006; Smale et al., 2014). 
   
There has been an observed increase in the abundance of L. ochroleuca linked 
to increases in SST at sites around Plymouth, the Scilly’s and Lundy, with 
this species becoming a significant member of the kelp assemblage and in 
some cases the species dominant (Plymouth and Isles of Scilly) (Smale et al., 
2014; Teagle and Smale 2018). In contrast, others have suggested an overall 
decline in this species at sites off Plymouth and the Scilly Isles, however, this 
decline was not linked to changes in summer or winter SST (Yesson et al., 
2015). The contradiction in results between these studies may be a product of 
the different methodologies used. Yesson et al. (2015) collated their data from 
a variety of sources including surveys undertaken intertidally. In contrast, 
Smale et al. (2014) and Teagle and Smale (2018) surveys were undertaken 
subtidally. While L. ochroleuca can be found in the low intertidal, generally 
below the L. digitata zone (King et al., 2017b), this species is predominantly 
found subtidally and therefore intertidal surveys may not accurately capture 
changes in abundance (see above).  
  
Declines in abundance were also noted for S. polyschides in the Western 
English Channel and Celtic Seas and C. filum and L. hyperborea in the 
English Channel (Yesson et al. 2015). While the decline in S. polychides was 
not related to changes in SST, at the UK scale, the declines in L. hyperborea 
and C. filum were correlated with SST (see above). In a comparison of L. 
hyperborea abundance between 1999 and 2013 there was no change noted at 
a single subtidal site off Plymouth (Smale et al., 2014). Declines in the 
abundance of A. esculenta have been previously observed in this region 
(Vance, 2004), however, the more detailed study of (Yesson et al., 2015) 
suggests a non-significant increasing trend in abundance unrelated to 
temperature for this species. While declines in the dominant intertidal/ 
shallow subtidal kelp L. digitata have not been observed in the UK, declines 
have been observed along the Brittany, Normandy and French English-
Channel coasts which have been linked to harvesting pressures as well as 
climate change (Raybaud et al., 2013). Given that L. digitata found in south-
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west England occupies the same temperature isotherm as French populations 
(King et al., 2017b) it is highly likely that L. digitata abundance will decline 
in the western English Channel in the not too distant future (see Section 3.2). 
 
Changes in subtidal macroalgal distribution have also been noted, with recent 
analysis comparing historical (1951–1999) and contemporary (2000–2013) 
data showing L. ochroleuca to have expanded its range from 32 to 60 recorded 
sites off Plymouth with this species expanding onto moderately-exposed 
coastlines where it had previously been absent (Smale et al., 2014). These 
authors noted that this change in distribution has coincided with a period of 
rapid warming in the area (Smale et al. 2014).  
 
In addition to increases in ocean temperatures, climate change is predicted to 
result in increased storm events. The North-East Atlantic storm season of 
2013–14 was particularly severe with two 1-in-30 year events occurring. 
Smale and Vance (2015) investigated the impacts of these storms on 
monospecific kelp stands of L. hyperborea and mixed stands of L. 
hyperborea, S. latissimi and L. ochroleuca. They found no difference in L. 
hyprborea abundance before or after the storms. In contrast, there was a 
reduction in the abundance of S. latissimi and L. ochroleuca after the storm 
season, leading to an overall reduction in kelp abundance within mixed 
stands. L. ochroleuca is already expanding its range into more wave exposed 
sites (Smale et al. 2014) and there is evidence that this species is increasing 
in abundance in other locations. It is therefore likely that kelp forest resistance 





Significant increases in the in the abundance of C. filum, L. hyperborea and 
S. polychides have been observed, correlated to increases in summer and 
winter SST at the UK scale (Yesson et al., 2015). At the regional scale, 
however, the drivers of change are difficult to determine with the quality of 




A. esculenta has increased in abundance over the last few decades in western 





L. digitata has increased in abundance in the northern North Sea (Yesson et 
















Celtic Sea: Severn Estuary/ Bristol Channel 
Long-term monitoring of crustacean populations based on standardised 
monthly sampling at Hinkley Point power station since the 1980s have 
demonstrated changes in the abundance of shrimps (Crangon crangon, 
Pandalus montagui, Pasiphaea sivado), prawns (Palaemon serratus), crabs 
(Necora puber, Polybius henslowii, Carcinus maenas) and mysids 
(Schistomysis spiritus, Gastrosaccus spinifer, Mesodopsis slabberi, Neomysis 
integer) (Henderson and Bird 2010; Henderson et al. 2011) as well as changes 
in breeding activity/ success of two mysid species (M. slabberi, S. spiritus) 
(Plenty, 2012). It has been suggested that these changes may be linked to 
climate warming (Birchenough et al., 2013), however, quantitative evidence 
for climate mediated changes only exist for P. montagui, P.serratus and C. 
crangon (Henderson and Bird, 2010; Plenty, 2012). Other identified drivers 
include changes in North Atlantic Oscillation Index (NAOI) (e.g. C. crangon; 
Henderson et al., 2011), density dependent control (e.g. C. crangon; 
Henderson et al., 2006) and changes in salinity (e.g. P. montagui, P. serratus, 
C. maenas; Henderson et al., 2011), while no climate drivers have been found 
to explain changes in the abundance of other species (e.g. Pasiphaea sivado; 
Henderson et al., 2011).  
 
More-recent analysis of the same data set spanning 1988–2013 has found that 
both mysid and caridean decapod richness and abundance has increased, 
however, this is unrelated to water temperature, salinity, NAOI or winter 
(Dec–Feb) NAOI, which, with the exception of NAOI, did not change over 
the time–series study period (Plenty et al., 2018). This study also 
demonstrated a weak, but significant, change in community structure through 
time, which seemed to be strongly related to changes in abundance (Plenty et 
al., 2018). Analysis suggests that this pattern of community change was not 
driven by water temperature, salinity, NAOI or winter NAOI. The authors 
state that the likely drivers of change are improved water quality over climate 
change (Plenty et al., 2018). This study highlights the importance of 
considering both climate and non-climate drivers of change and the 
difficulties in separating complex interacting stressors. 
 
Northern Ireland 
Goodwin et al. (2013) compared community structure and the 
presence/absence of species with warmer and cooler water affinities from 
before 1986 (surveys undertaken between 1982 and 1986) and post-2006 
(surveys undertaken between 2006 and 2009) in three subtidal (>15m depth) 
mixed-sediment locations in Northern Ireland (Rathline Island, Skerries, 
Strangford Lough). They showed that benthic communities had changed at 
all three locations between the two time periods, however, most of these 
changes were driven by species at the centre of their biogeographical ranges, 
and therefore were unlikely to be in response to warming (Goodwin et al., 
2013). When the authors focused on changes in the frequency of occurrence 
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of species at their range margins they found little evidence for decreases in 
cold-water species, however, warm-water species increased at two of the 
three locations investigated (Skerries and Strangford Lough) with the authors 
linking these changes to rising SST (Goodwin et al., 2013). Similar positive 
responses to warming have been experimentally demonstrated for epifaunal 
species from the United States at their northern range margin (Lord and 
Whitlatch, 2015). The authors also found changes in the spatial distribution 
of a number of species between the two time periods. Of 13 cold-water 
affinity species, seven reduced their distributional range (Table 1) while six 
showed no change or an unclear change. 19 warm-water affinity species 
increased their distribution, seven decreased (Table 1) and 18 showed no or 
an unclear change (Goodwin et al., 2013). Other studies have also shown that 
leading edges are responding faster than trailing edges (Poloczanska et al., 
2013). 
 
Table 1: Cold-water and warm-water affinity species that either increased or decreased their 
distribution between pre-1986 and post-2006 in three locations in Northern Island. (Based 











Ophiopholis aculeata  
Leptasterias muelleri  







Caloria elegans  
Crimora papillata  
Doto maculata 






















* Goodwin et al. (2013) suggest that the decline in some warm-water species distributions was a 
function of fishing pressure and habitat destruction rather than changes in SST.  
 
Cold-water corals, maerl beds, horse mussels 
 
There continues to be a lack of direct evidence for the impacts of climate 
change for cold-water corals, maerl beds and horse mussel beds. However, 
this is likely to be due to a lack of dedicated monitoring programmes than the 
habitats not responding, as experimental work suggests that these species are 
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vulnerable to both warming and ocean acidification (Martin and Hall-
Spencer, 2017; Gibson et al., 2011), with recent modelling providing 
predictions on the effects of ocean acidification for cold-water corals (see 
below). 
 
MCCIP report cards have recently been developed for all these habitats and 





Our comprehensive review of the literature identified thirteen new studies 
published since the 2013 annual report on observations of species responses 
to climate change in UK shallow and shelf seas. On the whole, these showed 
that many species across ecosystems were responding to climate change, but 
this was not universal and in many cases was dependent on where the study 
was performed in relation to the species biogeographic range. A couple of 
studies found that leading edges were responding more quickly than trailing 
edges, which has also been observed at the global scale. In addition, a number 
of studies identified the interactive effects of other climate and non-climate 
stressors as well as the influence of life history traits on observed outcomes. 
 
 
3. WHAT COULD HAPPEN IN THE FUTURE? 
 
The 2013 MCCIP Annual Report Card primarily based predictions of future 
change on qualitative assessments of the drivers of change, including natural 
and anthropogenic causes, and how this was likely to alter species 
distributions. Since then, four studies using environmental niche models have 
been published providing predictions of species range shifts under different 
climate models and scenarios. This provides managers and policymakers with 
specific information to allow planning as well as providing a null model, 
which researchers can use to disentangle non-climate drivers and biotic 
interactions to help explain why species may not be tracking these models 
precisely.  
     
3.1 Soft-sediment benthos 
 
Infaunal and epifaunal species, collected from three North Sea data sets 
spanning 1999–2004, were chosen based on (1) being characteristic of at least 
one North Sea community; (2) high abundance; or (3) having an important 
role as an ecosystem engineer (Weinert et al., 2016). An Ecological Niche 
Model (ENM) based on IPCC SRES scenario A1B climate model 
(Nakicenovic and Swart,  2000; mean 2.8°C; range 1.7–4.4°C) was then used 
to predict the 2099 distribution of the 75 chosen species. The model predicted 
bottom temperature increases of 0.15–5.4°C across the North Sea with an 
increase in salinity of 1.7 in the northern North Sea and off the Dutch and 
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Belgian coasts. For 18 (50%) of 36 epifaunal species the ENM predicted a 
northward range shift with the brittle star, Ophiothrix fragilis, predicted to 
shift up to 109 km, and 65% of all epifaunal species investigated were 
predicted to shift their range between 10 and 50 km. A further 18 (50%) 
epifaunal species were predicted to shift southwards with 16 of the18 species 
shifting in a south-easterly direction. The hermit crab, Pagurus prideaux and 
its associated cloak anemone, Adamsia carciniopados were predicted to shift 
southwards by 105 km, with 50% of all species predicted to shift 10–50 km. 
A greater number of infaunal species are expected to shift their distribution 
in a more-expected northward direction (77%). Shifts of 60 km or more were 
predicted for the bivalves Nucula nitidosa (60 km) and Ennucula tenuis (76 
km), the brittle star Acrocnida brachiata (60 km), the amphipod Harpinia 
antennaria (75 km) and the mollusc Chaetoderma nitidulum (88 km). 
Overall, 60% of species were predicted to shift ranges by 10–50 km towards 
the north. Only 9% of infaunal species were predicted to shift range towards 
the south (Weinert et al., 2016). The potentially unexpected southward shifts, 
particularly for epifauna, may be a consequence of regional conditions and 
other interacting affects (Junker et al., 2012; VanDerWal et al., 2012) as well 
as a key habitat barrier in the North Sea being the 50 m contour separating 
the shallow southern North Sea with the deeper northern North Sea. That may 
act as a barrier to northward extension of some species (Weinert et al., 2016)  
 
In terms of changes in habitat space, 58% of epifauna and 72% of infauna 
were predicted to see a reduction in the availability of suitable habitat, while 
38% of epifauna and 2% of infauna were expected to experience range 
expansion. Greater habitat loss was predicted for northward-shifting species 
due to an environmental barrier along the 50 m contour separating the 
shallower southern with the deeper northern North Sea, with a number of 
characteristic species and some ecosystem engineers being at particular risk 
(Weinert et al., 2016). Changes in community structure could alter ecosystem 
functioning and trophodynamics of North Sea benthic habitats. In turn this 
may impact important ecosystem services, e.g. biogeochemical processes, 
nutrient cycling, water quality, fisheries. For example, predicted loss of 
ecosystem engineers such as the burrowing shrimp Callianassa subterranea 
and the sea urchin Brissopsis lyrifera could alter community structure and 
ecosystem functioning (Weinert et al., 2016). At the same time, changes in 
the distribution and abundance of benthic communities may alter 
trophodynamics and competition (Kirby et al., 2007). However, such 
ecosystem-level responses will depend on the species involved, with some 
studies suggesting ecosystem functioning and service provision remaining 
stable over long periods of time (Clare et al., 2015; Frid and Caswell, 2015).   
 
3.2 Canopy-forming algae 
 
A number of recent studies have used Ecological Niche Models (ENMs) to 
provide predictions of changes in the abundance and distribution of European 
kelp species to future warming. Raybaud et al. (2013) used two climate 
  
 






MCCIP Science Review 2020  272–292 
 
284 
models (CNRM-CM5 and MPI-ESM-LR) and three Representative 
Concentration Pathways (RCP: 2.6, 4.5, 8.5 – see Table 2 for an explanation 
of these RCPs and predicted temperature changes) to calculate the average 
probability of occurrence of L. digitata. Depending on the magnitude of 
warming their models suggest that by 2020 there will be a reduction in the 
abundance of L. digitata across much of southern and central England and 
Wales (English Channel, Western English Channel, Celtic Seas and Irish Sea) 
with 50 to100% of their model runs predicting loss of this species in parts of 
these regions by 2050. By 2050 it is likely that Scottish populations will also 
have experienced a reduction in abundance, however, this species is likely to 
persist in Scotland beyond the end of the century (Raybaud et al., 2013). 
Another study using ENMs based on two climate models (AOGCM and 
MIROC5) and two climate change scenarios (RCP2.6 and 8.5) predicted by 
2090–2100 that the warm-water kelp L. ochroleuca, currently limited to 
south-west England, would remain stable in its current range, but expand 
through south-west England and Wales under RCP 2.6 and throughout the  
entire UK where suitable habitat exists (i.e. southern and south-west England, 
Wales, Northern Ireland and western and northern Scotland, including the 
Orkney and Shetland Islands) under RCP8.5 (Assis et al., 2018). In contrast, 
L. hyperborea and A. esculenta would be lost from southern England and 
Wales under RCP8.5, but persist in these regions under RCP2.6 (Assis et al., 
2018). Under RCP 8.5, loses of S. latissima and L. digitata are predicted in 
south-west England by 2090–2100, but these species remain stable 
throughout the rest of the UK (Assis et al., 2018). The predicted range 
contraction for L. digitata is slightly more conservative than that reported by 
Raybaud et al. (2013) and is likely a result of different methodologies, 
climatic predictors and climate models used. Assis et al. (2018) also 
suggested that S. polychides populations would remain stable in the UK.  
 
Table 2: IPCC Assessment Report AR5 projections of global warming (°C) (Stocker et al, 
2013.) 
 
 2046–2065 2081–2100 
Scenario Mean and likely range Mean and likely range 
RCP2.6 (emissions peak 
2010-2020 and then drop) 
1.0 (0.4–1.6) 1.0 (0.3–1.7) 
RCP4.5 (emissions peak 
2040 and then drop) 
1.4 (0.9–2.0) 1.8 (1.1–2.6) 
RCP8.5 (emissions rise 
throughout 21st century) 
2.0 (1.4–2.6) 3.7 (2.6–4.8) 
 
It is important to note that while ENMs have provided accurate predictions of 
species current distributional range (Raybaud et al., 2013; Assis et al., 2018), 
they do not take into account biotic interactions (e.g. competition, predation, 
facilitation) which have been shown to mediate species responses to climate 
change and may change in the future. In addition, ENMs generally assume 
that species have similar thermal tolerances throughout the species range. 
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Recent analysis suggests that this is unlikely to be the case, especially for 
macroalgae that have limited dispersal ability, meaning that local thermal 
adaptation is common (King et al., 2017a). This might mean that species at 
the centre of their range may be equally susceptible to relative increases in 
temperature as those at their trailing (equatorward) range edge (King et al. 
2017a). More work has to be done to investigate the prevalence of local 
thermal adaptation to ensure predicted range shifts using ENMs are as 
accurate as possible. 
 
Kelps are considered ecosystem engineers providing habitat and food which 
supports highly diverse communities, including species of commercial 
importance (Smale et al. 2013; Wernberg et al. 2018). Changes in the relative 
abundance or distribution of different kelp species may, therefore, have 
knock-on effects for the wider community. While superficially similar, recent 
research has demonstrated that stipes of the cold-water species dominant, L. 
hyperborea support 12 times as many sessile taxa (flora and fauna) and over 
3600 times as much epibiota biomass as the warm water species, L. 
ochroleuca (Teagle and Smale, 2018). This was primarily due to 55% of L. 
ochroleuca stipes being completely devoid of any epiphytic material whereas 
there were no L. hyperborea stipes devoid of epiphytes (Teagle and Smale, 
2018). Epiphytes provide food and shelter for a diverse assemblage of 
epifaunal species with in excess of 60 species and 55,000 individuals found 
on L. hyperborea stipes in Norway (Christie et al., 2003). Teagle and Smale 
(2018) also showed that holdfast communities differed between these species, 
though to a lesser extent than the stipes, supporting previous research which 
compared L. ochorleuca holdfast communities with the colder-water species 
L. digitata (Blight and Thompson 2008). Few organisms directly consume 
live kelp in the UK, however kelp detrital material is consumed by a range of 
organisms both within and outside kelp forests. Of those species that do 
directly graze kelp it has been found that higher densities are associated with 
the warm water species compared to L. hyperborea and in feeding trials L. 
ochroleuca is preferentially consumed (Pessarrodona et al., 2018). These 
authors have also shown that L. ochroleuca accumulated and released 80% 
more biomass than L. hyperborea, with this occurring throughout the year 
rather than being primarily limited to specific seasons in the cold-water 
species. Moreover, L. ochroleuca detrital material broke down over six times 
faster than the cold water species (Pessarrodona et al., 2018). Collectively 
these results suggest that climate mediated changes in kelp identity may result 
in wide scale ecological change that has implications for higher order 
consumers such as crustaceans and finfish and therefore fisheries and society.  
 
3.3 Cold water corals 
 
The scleractinian cold-water coral, Lophelia pertusa, forms deep-water reefs 
which act as a habitat supporting a rich diversity of associated species 
including species of commercial importance (Biber et al., 2014). The majority 
of L. pertusa reefs are concentrated in the North Atlantic, and in a UK context 
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off the coasts of Northern Ireland, western and northern Scotland (Jackson et 
al., 2014). While damage to reefs by commercial fishing practices remains 
and is predicted to continue to be the key threat to cold water corals, they may 
also be particularly susceptible to climate change. As a result of ocean 
acidification the Aragonite Saturation Horizon (ASH) is expected to become 
shallower resulting in cold-water corals, particularly reefs formed by dead 
coral skeletons, experiencing ocean chemistry conditions leading to 
dissolution of coral skeletons.  Jackson et al. (2014) modelled ASH under 
four climate change scenarios (IS92a ‘business as usual’, IPCC SRES 
emission scenarios A2 and B1 and a SRES A2 No-Warming simulation 
[NW]) for the years 2020, 2040, 2060, 2080 and 2099. They found under A2 
and B1 scenarios ASH is unlikely to reach the UK Exclusive Economic Zone 
(EEZ) prior to 2040, while IS92a predicted that ASH shoaling would 
incorporate a small proportion of reefs (<0.01%) by 2020, 0.6% by 2040 and 
88% by 2060 (Jackson et al., 2014). By 2060, under the A2 scenario, 15% of 
reefs would be in undersaturated areas with this increasing to 39% by 2080. 
While ASH had not reached reefs by 2020 under NW, 13%, 23% and 76% of 
reefs would be in areas of aragonite under-saturation by 2040, 2060 and 2080, 
respectfully. Interestingly, the interaction between fishing pressure and 
aragonite under-saturation is predicted to lead to reef loss of 1% by 2040 
under NW, increasing to 3% by 2060, while under A2 2% of reefs are 
predicted to be lost by 2060. Models do, however, suggest that while 
extensive areas will be undersaturated, 47 and 15% of live reef may persist 
by 2080 under A2 and NW, respectfully. Moreover, shallower reefs are likely 
to remain above ASH and if under some form of conservation protection may 
be relatively unaffected by ocean acidification (Jackson et al., 2014). The 
authors highlight the need to protect areas of reef from fishing pressures that 
may be above the ASH in the future, but also highlight that there is still little 
understanding of the true extent of cold-water corals in the UK EEZ, that 
fishing impacts are poorly monitored and there is little understanding of the 
impacts of multiple stressors on this system (Jackson et al., 2014).  
 
3.4 Maerl beds 
 
Maerl beds are made up of living and dead calcareous red algae and support 
high levels of diversity (see recent Maerl Beds MCCIP Report Card 
http://www.mccip.org.uk/media/1812/mccip-maerl-report-card_second_run-
v3.pdf). Maerl beds are considered to be particularly susceptible to changes 
in ocean carbonate chemistry, with experiments demonstrating reduced 
growth rates and structural integrity after ecologically realistic long-term (20 
months) exposure to predicted carbonate chemistry conditions (Sordo et al., 
2018). Increases in SST/SBT are also likely to impact maerl beds as the 
development of reproductive conceptacles and growth optimally occur at 
lower temperatures (Martin and Hall-Spencer, 2017) than those predicted for 
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4. CONFIDENCE ASSESSMENT 
 

































While there has been a substantial increase in the number of studies 
investigating the impacts of climate change in the UK’s shallow and shelf 
seas since the last relevant MCCIP Report Card in 2013, we would suggest 
that this is for a limited number of species and over a limited spatial scale. 
For example, there is strong evidence that some species of kelp are 
responding to changes in temperature, but we know little about how this is 
affecting the large number of species reliant on kelp forests for habitat and 
food. We are also increasingly confident of the drivers of change in infaunal 
communities associated with a single long-term monitoring site in the North 
Sea, but have much less knowledge regarding the rest of the North Sea and 
other regions of the UK. For this reason, we assess that the observational 
evidence has increased from Low to Medium since the last review, but the 
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ENMs are becoming increasingly sophisticated and estimate current species 
distributions with some confidence, but again these are limited to a small 
number of taxa. In addition, such models do not take into account interacting 
stressors or changes in biotic interactions that may occur in response to 
climate change. We therefore suggest that the evidence from models has 
moved from Low to Medium since the last review, but the level of consensus 
is still low due to the limited number of taxa investigated and the range of 








1.  Few of the studies presented here are based on long-term time–series data 
with most studies comparing two time periods which reduces the strength 
of the inferences that can be made as it is impossible to separate year-to-
year variability in population dynamics from the climate signature. It is 
therefore vital that monitoring programmes are put in place to 
characterise year-to-year variability in population dynamics, identify 
change to ensure healthy and diverse seas now, and into the future.  
2.  A number of taxa highlighted in this review provide habitat and food for 
a diverse community of associated taxa and as such are considered 
ecosystem engineers (e.g. kelp forests, cold-water corals, maerl beds). 
While we are seeing changes in the structure of some of these habitats 
we have much less of an understanding of the implications of this for the 
functioning of these systems and for the goods and services these habitats 
provide human society. While it is important to describe changes in the 
abundance and distribution of these habitat formers it is also important 
to move beyond this to begin to understand the consequences of these 
changes to the wider community. Where such studies are occurring, 
substantial differences in structure and functioning are being observed 
(e.g. Pessarrodona et al., 2018; Teagle and Smale, 2018).  
3.  Most of the systems examined here are subject to multiple climate and 
non-climate stressors. As seen above, long-term data series and more-
sophisticated analyses can facilitate separation of different stressors, but 
for most species and ecosystems this is still a challenge especially as for 
many species and ecosystems existing baselines are still not fully 
elucidated, e.g. cold-water corals. It is therefore important to understand 
the various drivers of change which likely requires complementary 
approaches, including long-term monitoring, experimental studies 
allowing the elucidation of cause-and-effect as well as modelling of 
studies that incorporate a broad range of potential drivers so the relative 
















1. There is strong observational and empirical evidence that multiple 
stressors reduce the resistance and resilience of natural systems. As a 
global stressor, climate change is impossible to manage at a regional 
scale. From a policy perspective, difficult and cross-sectoral decisions 
will need to be made on how to manage our seas to increase their 
resilience in the face of these multiple stressors. For examples, policies 
on water quality, and managing invasive species, may make communities 
more resilient to climate change. 
2. To date, most focus has been on decadal scale climate change for which 
climate-change predictions are relatively robust. Since that last review it 
has become increasingly apparent that extreme events such as increased 
storminess and marine heatwaves may play a disproportionate role in 
altering species abundances and ranges as well as driving local extinctions 
(Wernberg et al., 2016; Smale et al., 2019). The scale and impact of these 
stochastic events are hard to predict, which will make policy decisions 





Assis, J., Araujo, M.B. and Serrao, E.A. (2018) Projected climate changes threaten ancient refugia of 
kelp forests in the North Atlantic. Global Change Biology, 24, E55–E66. 
Behrenfeld, M.J., O’Malley, R.T., Siegel, D.A., McClain, C.R., Sarmiento, J.L., Feldman, G.C. et al. 
(2006) Climate-driven trends in contemporary ocean productivity. Nature, 444, 752. 
Biber, M.F., Duineveld, G.C.A., Lavaleye, M.S.S., Davies, A.J., Bergman, M.J.N. and van den Beld, 
I.M.J. (2014) Investigating the association of fish abundance and biomass with cold-water corals in 
the deep Northeast Atlantic Ocean using a generalised linear modelling approach. Deep Sea 
Research Part II Topical Studies in Oceanography, 99, 134–145. 
Birchenough, S.N., Bremner, J., Henderson, P., Hinz, H., Jenkins, S., Mieszkowska, N. et al. (2013) 
Impacts of Climate Change on Shallow and Shelf Subtidal Habitats. MCCIP Science Review 2013, 
193-203. 
Blanchard, J.L., Jennings, S., Holmes, R., Harle, J., Merino, G., Allen, J.I. et al. (2012) Potential 
consequences of climate change for primary production and fish production in large marine 
ecosystems. Philosophical Transactions of the Royal Society of London B: Biological Sciences, 
367, 2979–2989. 
Blight, A.J. and Thompson, R.C. (2008) Epibiont species richness varies between holdfasts of northern 
and southerly distributed kelp. Journal of the Marine Biological Association of the United 
Kingdom, 88, 457–469. 
Boyce, D.G., Lewis, M.R. and Worm, B. (2010) Global phytoplankton decline over the past century. 
Nature, 466, 591. 
Buchanan, J.B. (1993) Evidence of benthic pelagic coupling at a station off the Northumberland coast. 
Journal of Experimental Marine Biology and Ecology, 172, 1–10. 
Buchanan, J.B. and Moore, J.J. (1986) Long-term studies at a benthic station off the coast of 
Northumberland. Hydrobiologia, 142, 121–127. 
Buchanan, J.B., Sheader, M. and Kingston, P.F. (1978) Sources of Variability in the Benthic 
Macrofauna off the South Northumberland Coast, 1971–1976. Journal of the Marine Biological 
Association of the United Kingdom, 58, 191–209. 
Christie, H., Jørgensen, N.M., Norderhaug, K.M. and Waage-Nielsen, E. (2003) Species distribution 
and habitat exploitation of fauna associated with kelp (Laminaria hyperborea) along the Norwegian 
Coast. Journal of the Marine Biological Association of the United Kingdom, 83, 687–699. 
Clare, D.S., Robinson, L.A. and Frid, C.L.J. (2015) Community variability and ecological functioning: 
40 years of change in the North Sea benthos. Marine Environmental Research, 107, 24–34. 
Clare, D.S., Spencer, M., Robinson, L.A. and Frid, C.L.J. (2017) Explaining ecological shifts: the roles 
  
 






MCCIP Science Review 2020  272–292 
 
290 
of temperature and primary production in the long-term dynamics of benthic faunal composition. 
OIKOS, 126, 1123–1133. 
Dulvy, N.K., Rogers, S.I., Jennings, S., Stelzenmuller, V., Dye, S.R. and Skjoldal, H.R. (2008) Climate 
change and deepening of the North Sea fish assemblage: a biotic indicator of warming seas. Journal 
of Applied Ecology, 45, 1029–1039. 
Dunstan, P.K., Foster, S.D., King, E., Risbey, J., O’Kane, T.J., Monselesan, D. et al. (2018) Global 
patterns of change and variation in sea surface temperature and chlorophyll a. Scientific Reports, 8, 
14624. 
Frid, C.L.J., Buchanan, J.B. and Garwood, P.R (1996) Variability and stability in the benthos: twenty-
two years of monitoring off Northumberland. ICES Journal of Marine Science, 53, 978–980. 
Frid, C.L.J. and Caswell, B.A. (2015) Is long-term ecological functioning stable: The case of the marine 
benthos? Journal of Sea Research, 98, 15–23. 
Frid, C.L.J., Garwood, P.R. and Robinson, L.A. (2009) The North Sea benthic system: a 36 year time-
series. Journal of the Marine Biological Association of the United Kingdom, 89, 1–10. 
Frölicher, T.L., Fischer, E.M. and Gruber, N. (2018) Marine heatwaves under global warming. Nature, 
560, 360–364. 
Gibson, R.N., Atkinson, J.A.R., Gordon, J.D.M, Smith, I.P. and Hughes, D. J (eds) (2011) Impact of 
ocean warming and ocean acidification on marine invertebrate life history stages: Vulnerabilities 
and potential for persistence in a changing ocean. Oceanography and Marine Biology: An Annual 
Review, 49, 1–42. 
Goodwin, C.E., Strain, E.M.A., Edwards, H., Bennett, S.C., Breen, J.P. and Picton, B.E. (2013) Effects 
of two decades of rising sea surface temperatures on sublittoral macrobenthos communities in 
Northern Ireland, UK. Marine Environmental Research, 85, 34–44. 
Harvey, B.P., Gwynn-Jones, D. and Moore, P.J. (2013) Meta-analysis reveals complex marine 
biological responses to the interactive effects of ocean acidification and warming. Ecology and 
Evolution, 3, 1016-1013. 
Henderson, P.A. and Bird, D.J. (2010) Fish and macro-crustacean communities and their dynamics in 
the Severn Estuary. Marine Pollution Bulletin, 61, 100–114. 
Henderson, P.A., Seaby, R.M. and Somes, J.R. (2006) A 25-year study of climatic and density-
dependent population regulation of common shrimp Crangon crangon (Crustacea : Caridea) in the 
Bristol Channel. Journal of the Marine Biological Association of the United Kingdom, 86, 287–
298. 
Henderson, P.A., Seaby, R.M.H. and Somes, J.R. (2011) Community level response to climate change: 
The long-term study of the fish and crustacean community of the Bristol Channel. Journal of 
Experimental Marine Biology and Ecology, 400, 78–89. 
Hiddink, J.G., Burrows, M.T. and Molinos, J.G. (2015) Temperature tracking by North Sea benthic 
invertebrates in response to climate change. Global Change Biology, 21, 117–129. 
Hinz, H., Capasso, E., Lilley, M., Frost, M. and Jenkins, S. (2011) Temporal differences across a bio-
geographical boundary reveal slow response of sub-littoral benthos to climate change. Marine 
Ecology Progress Series, 423, 69–82. 
Jackson, E.L., Davies, A.J., Howell, K.L., Kershaw, P.J. and Hall-Spencer, J.M. (2014) Future-proofing 
marine protected area networks for cold water coral reefs. ICES Journal of Marine Science, 71, 
2621–2629. 
Junker, K., Sovilj, D., Kröncke, I. and Dippner, J.W. (2012). Climate induced changes in benthic 
macrofauna—A non-linear model approach. Journal of Marine Systems, 96–97, 90–94. 
King, N.G., McKeown, N.J., Smale, D.A. and Moore, P.J. (2017a) The importance of phenotypic 
plasticity and local adaptation in driving intraspecific variability in thermal niches of marine 
macrophytes. Ecography, 41, 1469–1484. 
King, N.G., Wilcockson, D.C., Webster, R., Smale, D.A., Hoelters, L.S. and Moore, P.J. (2017b) 
Cumulative stress restricts niche filling potential of habitat-forming kelps in a future climate. 
Functional Ecology, 32, 288-299. 
Kirby, R., Beaugrand, G., Lindley, J., Richardson, A., Edwards, M. and Reid, P. (2007) Climate effects 
and benthic–pelagic coupling in the North Sea. Marine Ecology Progress Series, 330, 31–38. 
Kroeker, K.J., Kordas, R.L., Crim, R., Hendriks, I.E., Ramajo, L., Singh, G.S. et al. (2013) Impacts of 
ocean acidification on marine organisms: quantifying sensitivities and interaction with warming. 
Global Change Biology, 19, 1884–96. 
Kroencke, I., Reiss, H., Eggleton, J.D., Aldridge, J., Bergman, M.J.N., Cochrane, S. et al. (2011) 
Changes in North Sea macrofauna communities and species distribution between 1986 and 2000. 
Estuarine, Coastal and Shelf Science, 94, 1–15. 
Martin, S. and Hall-Spencer, J.M. (2017) Effects of Ocean Warming and Acidification on 
Rhodolith/Maërl Beds. In Rhodolith/Maërl Beds: A Global Perspective [Riosmena-Rodríguez, R., 
Nelson, W. and Aguirre, J. (eds.)]. Springer International Publishing, Cham, pp. 55–85. 
  
 






MCCIP Science Review 2020  272–292 
 
291 
Mieszkowska, N, Burrows, M. and Sugden, H. (2020) Impacts of climate change on intertidal habitats, 
relevant to the coastal and marine environment around the UK, MCCIP  Science Review 2020, 
256–271. 
Mieszkowska, N., Kendall, M.A., Hawkins, S.J., Leaper, R., Williamson, P., Hardman-Mountford, N.J. 
et al. (2006) Changes in the Range of Some Common Rocky Shore Species in Britain – A Response 
to Climate Change? Hydrobiologia, 555, 241–251. 
N. Nakicenovic, R. Swart (Eds.), (2000)Special report on emissions scenarios: a special report of 
working group III of the intergovernmental panel on climate change, Cambridge University 
Press, Cambridge, UK, 599 pp.  
 Navarro-Barranco, C., McNeill, C.L., Widdicombe, C.E., Guerra-Garcia, J.M. and Widdicombe, S. 
(2017) Long-term dynamics in a soft-bottom amphipod community and the influence of the pelagic 
environment. Marine Environmental Research, 129, 133–146. 
Neumann, H., de Boois, I., Kroencke, I. and Reiss, H. (2013) Climate change facilitated range 
expansion of the non-native angular crab Goneplax rhomboides into the North Sea. Marine Ecology 
Progress Series, 484, 143–153. 
Oliver, E.C.J., Donat, M.G., Burrows, M.T., Moore, P.J., Smale, D.A., Alexander, L. V. et al. (2018) 
Longer and more frequent marine heatwaves over the past century. Nature Communications, 9, 1–
12. 
Perry, A.L., Low, P.J., Ellis, J.R. and Reynolds, J.D. (2005). Climate change and distribution shifts in 
marine fishes. Science, 308, 1912–1915. 
Pessarrodona, A., Foggo, A. and Smale, D.A. (2018) Can ecosystem functioning be maintained despite 
climate-driven shifts in species composition? Insights from novel marine forests. Journal of 
Ecology, 107, 91–104. 
Plenty, S.J. (2012). Long-term changes in the zooplankton community of the Bristol Channel. PhD., 
University of the West of England. 
Plenty, S.J., Tweedley, J.R., Bird, D.J., Newton, L., Warwick, R.M., Henderson, P.A. et al. (2018) 
Long-term annual and monthly changes in mysids and caridean decapods in a macrotidal estuarine 
environment in relation to climate change and pollution. Journal of Sea Research, 137, 35–46. 
Poloczanska, E.S., Brown, C.J., Sydeman, W.J., Kiessling, W., Schoeman, D.S., Moore, P.J. et al. 
(2013) Global imprint of climate change on marine life. Nature Climate Change, 3. 
Raybaud, V., Beaugrand, G., Goberville, E., Delebecq, G., Destombe, C., Valero, M. et al. (2013) 
Decline in Kelp in West Europe and Climate. PLoS One, 8 (6), e66044. 
Rees, H.L., Pendle, M.A., Limpenny, D.S., Mason, C.E., Boyd, S.E., Birchenough, S. et al. (2006) 
Benthic responses to organic enrichment and climatic events in the western North Sea. Journal of 
the Marine Biological Association of the United Kingdom, 86, 1–18. 
Reiss, H., Degraer, S., Duineveld, G.C.A., Kröncke, I., Aldridge, J., Craeymeersch, J.A. et al. (2010) 
Spatial patterns of infauna, epifauna, and demersal fish communities in the North Sea. ICES Journal 
of Marine Science, 67, 278–293. 
Smale, D.A. and Vance, T. (2015) Climate-driven shifts in species’ distributions may exacerbate the 
impacts of storm disturbances on North-east Atlantic kelp forests. Mar. Freshw. Res., 67, 65–74. 
Smale, D.A., Burrows, M.T., Moore, P., Connor, N.O. and Hawkins, S.J. (2013) Threats and knowledge 
gaps for ecosystem services provided by kelp forests: a northeast Atlantic perspective. Ecology and 
Evolution, 3(11), 4016–4038. 
Smale, D.A., Wernberg, T., Yunnie, A.L.E. and Vance, T. (2014) The rise of Laminaria ochroleuca in 
the Western English Channel (UK) and comparisons with its competitor and assemblage dominant 
Laminaria hyperborea. Marine Ecology, 36(4), 1033–1044. 
Smale, D.A., Wernberg, T., Oliver, E.C.J., Thomsen, M., Harvey, B.P., Straub, S.C. et al. (2019) 
Marine heatwaves threaten global biodiversity and the provision of ecosystem services. Nature 
Climate Change,  9, 306–312, doi: 10.1038/s41558-019-0412-1 
Sordo, L., Santos, R., Barrote, I. and Silva, J. (2018) High CO2 decreases the long-term resilience of 
the free-living coralline algae Phymatolithon lusitanicum. Ecology and Evolution, 8, 4781–4792. 
Southward, A.J., Langmead, O., Hardman-Mountford, N.J., Aiken, J., Boalch, G.T., Dando, P.R. et al. 
(2005) Long-term oceanographic and ecological research in the western English Channel. In 
Advances in Marine Biology, Vol. 47 [Southward, A.J., Tyler, P.A., Young, C.M. and Fuiman, L.A. 
(eds.)] pp. 1–105. 
Stocker, T., Dahe, Q., Plattner, G-K. et al. (eds). (2013) Climate Change 2013: Working Group 1 (WG1) 
Contribution to the Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report 
(AR5), Cambridge University Press. 
Teagle, H. and Smale, D.A. (2018) Climate-driven substitution of habitat-forming species leads to 
reduced biodiversity within a temperate marine community. Diversity and Distributions, 24(10), 
1367–1380. 
Vance, T. (2004) Loss of the northern species Alaria esculenta from Southwest Britain and the 
  
 






MCCIP Science Review 2020  272–292 
 
292 
implications for macroalgal succession. MSc. Thesis, Plymouth University. 
Van Der Wal, J., Murphy, H.T., Kutt, A.S., Perkins, G.C., Bateman, B.L., Perry, J.J. et al. (2012). Focus 
on poleward shifts in species distribution underestimates the fingerprint of climate change. Nature 
Climate Change, 3, 239. 
Weinert, M., Mathis, M., Kroencke, I., Neumann, H., Pohlmann, T. and Reiss, H. (2016) Modelling 
climate change effects on benthos: Distributional shifts in the North Sea from 2001 to 2099. 
Estuarine, Coastal and Shelf Science, 175, 157–168. 
Wernberg, T., Bennett, S., Babcock, R.C., De Bettignies, T., Cure, K., Depczynski, M. et al. (2016). 
Climate-driven regime shift of a temperate marine ecosystem. Science, 353, 169–172. 
Wernberg, T., Krumhansl, K., Filbee-Dexter, K. and Pedersen, M.F. (2018) Status and trends of the 
world’s kelp forests. In World Seas: An environmental evaluation [Sheppard, C. (ed.)]. Academic 
Press, pp. 57–78. 
Yesson, C., Bush, L.E., Davies, A.J., Maggs, C.A. and Brodie, J. (2015) Large brown seaweeds of the 
British Isles: Evidence of changes in abundance over four decades. Estuarine, Coastal and Shelf 
Science, 155, 167–175. 
Zhang, Q., Warwick, R.M., McNeill, C.L., Widdicombe, C.E., Sheehan, A. and Widdicombe, S. (2015) 
An unusually large phytoplankton spring bloom drives rapid changes in benthic diversity and 
ecosystem function. Progress in Oceanography, 137, 533–545. 
 
  
